Research in Context sectionEvidence before this study from systematic reviewWe performed a PubMed search for articles published in English with restrictions for clinical trials up to March 14, 2020 using the search terms "NSCLC" and "EGFR" and ("liquid biopsy" or "ctDNA" or "cfDNA"). We identified many clinical trials demonstrated the usefulness of detection of plasma EGFR activating mutation at baseline and/or EGFR T790M resistant mutation at progressive disease. There was no Phase 3 trial designed to evaluate the utility of monitoring plasma EGFR mutational status in order to predict the efficacy of each treatment arm.Added value of this studyAs far as we know, our study is the first to suggest a treatment strategy using plasma EGFR mutational analysis in a Phase 3 trial. In addition to the analyses at pretreatment and at disease progression, the analyses at 6 weeks after the start of treatment were able to provide more information to select the best treatment.Implication of all the available evidencePlasma EGFR analyses of cell-free DNA at pretreatment and at disease progression can be used to predict the prognosis of each patient. Additionally, the monitoring of the plasma EGFR mutational status during treatment may provide important information to assess the efficacy of the current treatment.Alt-text: Unlabelled box

1. Background {#sec0001}
=============

EGFR (epidermal growth factor receptor) mutation is a major oncogenic driver in NSCLC (non-small cell lung carcinoma), and inhibition of EGFR signaling by EGFR-TKIs (tyrosine kinase inhibitors) is the optimal clinical treatment strategy for NSCLC patients with EGFR mutations [@bib0001], [@bib0002], [@bib0003], [@bib0004]. Currently, the clinically available EGFR-TKIs include gefitinib, erlotinib, afatinib, dacomitinib, and osimertinib. In addition, the combination of gefitinib plus platinum chemotherapy is also associated with favorable progression free survival (PFS) and overall survival (OS) [@bib0005]. In the NEJ026 study, we demonstrated that PFS following erlotinib plus bevacizumab (BE) treatment was significantly superior to erlotinib alone (E) in NSCLC patients harboring EGFR mutation [@bib0006]. While there are many treatment choices for NSCLC with EGFR mutation, there are no predictive markers available for guiding the selection of treatment regimen. If a such indicators were available, patients with poor prognosis could be treated more effectively, and a higher incidence of adverse events might be acceptable. Conversely, if a good prognosis was indicated for other patients, they could be spared treatment with aggressive agents that are associated with high toxicity. Tumors can acquire resistance to EGFR-TKIs by mutation of codon 790 (T790M), and in these cases second-line treatment with the next generation EGFR-TKI, osimertinib, is recommended [@bib0007]. However, the frequency at which T790M during a BE regimen remains unclear.

This is important, since although BE treatment showed excellent efficacy and safety, resistance does develop after about 16 months treatment. Unfortunately, it is not possible to obtain tumor tissue re-biopsies from all the patients who become refractory to treatment. This is because the success of tissue re-biopsy is dependent on tumor size, location, and patient general conditions in each case.

In recent years, the utility of EGFR mutation analysis of plasma circulating tumor DNA (ctDNA) has been demonstrated in many reports [@bib0008], [@bib0009], [@bib0010], [@bib0011], [@bib0012], [@bib0013]. The NEJ026 biomarker study contains a preplanned analysis of plasma EGFR mutations at pretreatment, at 6 weeks after starting first-line and second-line treatment, and at PD of first-line and second-line. Here we report on the results of this study, and describe the relationship between activating EGFR mutations (aEGFRs) and clinical response, as well as the frequency of T790M mutations.

2. Methods {#sec0002}
==========

2.1. Sample collection {#sec0003}
----------------------

The NEJ026 biomarker study was preplanned in the study protocol in order to evaluate one of the exploratory endpoints (Supplementary Figure 1). Tissue samples were collected at three time points as follows. First, between enrollment and the start of study treatment (T0). Second, at the end of study treatment from PD 1 until the date of the start of second-line treatment (T1). Third, at the end of second-line treatment from PD 2 until the date of the start of third-line treatment (T2). Plasma samples were collected at five time points. First, between enrollment and the start of study treatment (P0). Second, during study treatment from the date of the start of study treatment until 6 weeks ± 21 days after (P1). Third, at the end of study treatment from PD 1 until the date of the start of second-line treatment (P2). Fourth, during second-line treatment from the date of the start of second-line treatment until 6 weeks ± 21 days after (P3). Fifth, at the end of second-line treatment from PD 2 until the date of the start of third-line treatment (P4). The data cutoff was 31st March 2019.

2.2. EGFR mutation analysis {#sec0004}
---------------------------

Plasma ctDNA and tissue DNA analysis for detection of the aEGFR and T790M mutation were performed using an improved peptide nucleic acid--locked nucleic acid (PNA-LNA) PCR clamp method as previously described (LSI Medience Corporation, Tokyo, Japan) [@bib0011]. In brief, whole blood samples (14 mL) were collected in ethylenediaminetetraacetic acid (EDTA) tubes. DNA was extracted from plasma samples with the QIAamp Circulating Nucleic Acid kit or from cytohistological samples with the QIAamp DNA FFPE Tissue kit (QIAGEN, Hilden, Germany). CtDNA was extracted from 5 ml of plasma and finally dissolved in 50 μl of solvent. The EGFR mutants were then detected using the PNA-LNA PCR clamp method. By using smaller PCR products and by increasing the number of cycles from 45 to 50, this PCR system was able to detect mutations present at a frequency of less than 0.1%. In this study, the analyzed EGFR subtypes were activating mutations (aEGFR): Exon 19 E746-A750(2235--2249)del, E746-A750(2236--2250)del, other Exon 19 del variants and Exon 21 L858R, the resistant mutation, Exon 20 T790M, and other mutations including Exon 18 G719S, G719A, G719C, and Exon 21 L861Q. Other Exon 19 del variants were detected by fragment analysis. In actual measurement, 5 μl (corresponding to 0.5 ml of plasma) was used for each reaction. Investigators in the central laboratory performed a blinded analysis of the mutational data obtained from cytohistological samples in order to avoid biases.

2.3. Statistical analysis {#sec0005}
-------------------------

The efficacy data of each case were transferred from the NEJ026 main study [@bib0006]. Each case was divided into subgroups according to the results of EGFR mutation analysis at P0 / P1 / P2 /T0 /T1. The data were compared between BE and E group or compared the data of each subgroup. Kaplan-Meier survival curves were drawn for PFS and compared using a stratified log-rank test. Hazard ratio and its confidence interval (CI) were calculated using Cox proportional hazard analysis. The 95% CI for median PFS was calculated using the method of Brookmeyer and Crowley [@bib0014]. A multivariate Cox regression model was used for the adjusted comparison of PFS between treatment groups. Tumor response (the proportion of patients with an objective response and disease control, and duration of response) were compared between BE and E using a chi-squared test with one degree of freedom. Statistical analyses were performed with SAS for Windows release 9.4 (SAS Institute Inc. Cary, NC, USA).

3. Results {#sec0006}
==========

The total number of collected plasma samples in BE and E were 108 (96.4%) and 107 (95.5%) at P0, 95 (84.8%) and 97 (86.6%) at P1, 42 (37.5%) and 53 (47.3%) at P2, 25 (22.3%) and 36 (32.1%) at P3, and 19 (17.0) and 15 (13.4%) at P4, respectively ([Fig. 1](#fig0001){ref-type="fig"} and [Table 1](#tbl0001){ref-type="table"}). In contrast to the plasma samples, we could not collect enough tissue samples to perform a statistically meaningful analysis.Fig. 1Study profile depicting patient randomization and selection. BE, bevacizumab and erlotinib combination therapy arm; E, erlotinib monotherapy arm. P0, Plasma samples taken before the start of study treatment; P1, Plasma samples taken 6 weeks from the start of study treatment; P2, Plasma samples taken at the time of disease progression while on treatment.Fig. 1Table 1Collection rates of plasma and tissue samples.Table 1N(%)BEETotalFull Analysis Set112112224P0108 (96.4)107 (95.5)215 (96.0)P195 (84.8)97(86.6)192 (85.7)P242 (37.5)53 (47.3)95 (42.4)P325 (22.3)36 (32.1)61 (27.2)P419 (17.0)15 (13.4)34 (15.2)T02 (1.8)3 (2.7)5 (2.2)T17 (6.3)9 (8.0)16 (7.1)T23 (2.7)3 (2.7)6 (2.7)[^1]

In eligible patients with aEGFR mutations identified by cytohistology, the frequency of plasma aEGFR mutations before study treatment (P0) was 68.4% ([Table 2](#tbl0002){ref-type="table"}). Age, sex, smoking status, histology, and EGFR subtype were not related to the rate at which plasma aEGFR was detected. Lower detection rates of EGFR mutation were seen in PS 0, M1a, and in tumors that recurred after surgery, suggesting that the mutation rate in the plasma was lower in patient with non-advanced compared to advanced disease. In terms of metastatic site, the mutation rate was lower in pulmonary, pleural, or brain metastases, which is consistent with previous reports [@bib0011].Table 2Frequency of detectable plasma EGFR mutations at P0 in each patient characteristics.Table 2P0 activating mutation+--TotalFrequency(%)Total1476821568.4Age75\<1235217570.3\>=7524164060.0SexMale57217873.1Female904713765.7Smoking statusNon smoker843912368.3Former light smoker761353.8Other smoker56237970.9PS0755212759.1170168681.42202100.0Histologyadeno1456821368.1large101100.0other101100.0EGFR subtypeExon 19 del763010671.7Exon 21 L858R713810965.1StageIIIB1221485.7IV (M1a)26234953.1IV (M1b)931811183.8Recurrence16254139.0Metastatic sites (Stage IV)PUL only681442.9PLE only17153253.1BRA only941369.2Others871410186.1

When comparing detectable and undetectable aEGFR mutations at P0, the undetectable group was associated with a longer PFS (16.9 months \[95%CI: 15.1--21.4\] vs. 12.5 months \[11.2--15.2\], hazard ratio \[HR\] 0.660 \[95% CI 0.455--0.957\]) in the BE plus E groups ([Fig. 2](#fig0002){ref-type="fig"}A). The same tendencies of longer PFS in patients with undetectable EGFR mutation at P0 were observed in the BE plus E group ([Fig. 2](#fig0002){ref-type="fig"}B and C). On the other hand, when comparing BE treatment to E treatment in each plasma EGFR positive group and negative group at P0, BE treatment showed longer PFS than E treatment in both groups and clear separation of K-M curve was observed in the EGFR positive group. These results might be due to frequency of mutations being associated with the extent of disease progression. (Supplement Figure 2)Fig. 2Kaplan--Meier curves for PFS among patients classified with detectable (+) or undetectable (-) plasma activating EGFR mutation (aEGFR) at pretreatment. HR, hazard ratio. BE, bevacizumab and erlotinib combination therapy arm; E, erlotinib monotherapy arm. A, both BE and E; B, BE; C, E.Fig. 2

Based on the detection of plasma EGFR mutations before treatment (P0) and 6 weeks after initiation of treatment (P1), plasma positivity types were classified into the following 4 groups: type A, P0 (-) and P1 (-); type B, P0 (+) and P1 (-); type C, P0 (+) and P1 (+); and type D, P0 (-) and P1 (+). The number of patients in each of these groups is shown in [Table 3](#tbl0003){ref-type="table"}. Only one patient was classified as Type D. In the BE arm, the PFS of each group was as follows. Type A: 18.1 months \[95%CI: 11.5--upper limit not reached (NR)\], Type B: 15.5 months \[12.4--23.3\], HR 1.222 \[0.676--2.208\], and Type C: 6.0 months \[2.6-NR\], HR 2.788 \[1.182--6.576\] ([Fig. 3](#fig0003){ref-type="fig"}A). In the E arm, the PFS of each group was as follows. Type A: 16.7 months \[11.2--NR\], Type B: 11.1 months \[8.5--13.7\], HR 1.533 \[0.855--2.750\], and Type C: 4.3 months \[2.8--20.2\], HR 2.618 \[1.141--6.006\] ([Fig. 3](#fig0003){ref-type="fig"}B). Type A patients had the longest PFS of all types in both treatment arms, while the difference in median PFS between the two arms was not significant (HR 0.805 \[0.406--1.597\]) ([Fig. 4](#fig0004){ref-type="fig"}A). Type C patients had the shortest PFS and the difference between the two treatment arms in this group was not significant (HR 0.781 \[0.297--2.051\]) ([Fig. 4](#fig0004){ref-type="fig"}C). On the other hand, the BE arm showed significantly longer PFS in Type B compared to the E arm (HR 0.613 \[95% CI 0.383--0.983\]) ([Fig. 4](#fig0004){ref-type="fig"}B). BE treatment achieved response rates of 65.5% in Type A, 89.6% in Type B, and 41.7% in Type C. E treatment elicited response rates of 57.7% in Type A, 75.4% in Type B, and 30.0% in Type C ([Table 4](#tbl0004){ref-type="table"}).Table 3The classification of plasma activating EGFR mutations from P0 to P1 within each group.Table 3N(%)BEETotalType AP0- ➡ P1-32 (34.4)26 (28.0)58 (31.2)Type BP0+ ➡ P1-48 (51.6)57 (61.3)105 (56.5)Type CP0+ ➡ P1+12 (12.9)10 (10.8)22 (11.8)Type DP0- ➡ P1+1 (1.1)0 (0.0)1 (0.5)Total9393186[^2]Fig. 3Kaplan--Meier curves for PFS among patients classified by patterns of detection of plasma EGFR both at pretreatment (P0) and at 6 weeks from the start of treatment (P1). HR, hazard ratio. Type A, neither detectable at P0 nor at P1; Type B, detectable at P0 and disappeared at P1; Type C, detectable both at P0 and P1. A. bevacizumab and erlotinib combination therapy arm; B. erlotinib monotherapy arm.Fig. 3Fig. 4Kaplan--Meier curves for PFS of patients classified by the presence or absence of plasma EGFR mutations both at pretreatment (P0) and at 6 weeks from the start of study treatment (P1). HR, hazard ratio. BE, bevacizumab and erlotinib combination therapy arm; E, erlotinib monotherapy arm. A. type A, neither detectable at P0 nor at P1; B. type B, detectable at P0 and disappeared at P1; C. type C, detectable both at P0 and P1.Fig. 4Table 4Response rate of each group.Table 4Response rate (%)BEEType AP0- ➡ P1-62.557.7Type BP0+ ➡ P1-89.675.4Type CP0+ ➡ P1+41.730.0[^3]

The frequency of plasma activating EGFR mutations at progression of disease (P2) increased compared to P1 and were almost similar in both arms: 33 (78.6%) in BE and 42 (79.2%) in E ([Table 5](#tbl0005){ref-type="table"} and [Fig. 5](#fig0005){ref-type="fig"}A). The frequency at which the T790M resistance mutation emerged at P2 was similar in both arms: 8 (19.0%) in BE and 11 (20.8%) in E. Patients who had the T790M resistance mutation at P2 in both arms tended to have longer PFS compared to patients without T790M \[13.7 months (95% CI: 7.2--16.6) vs 9.7 months (95% CI: 8.1--11.2), respectively; the HR was 0.771 (0.451--1.319)\] ([Fig. 5](#fig0005){ref-type="fig"}B).Table 5Detection of the T790M resistance mutation in each sample.Table 5PlasmaN (%[\*](#tb5fn1){ref-type="table-fn"})BEET790MEGFR[⁎⁎](#tb5fn2){ref-type="table-fn"}TotalT790MEGFRTotalP00 (0.0)71 (65.7)1080 (0.0)76 (71.0)107P10 (0.0)13 (13.7)950 (0.0)10 (10.3)97P28 (19.0)33 (78.6)4211 (20.8)42 (79.2)53P31 (4.0)15 (60.0)251 (2.8)17 (47.2)36P41 (5.3)14 (73.7)191 (6.7)14 (93.3)15TissueN (%[\*](#tb5fn1){ref-type="table-fn"})BEET790MEGFR[⁎⁎](#tb5fn2){ref-type="table-fn"}TotalT790MEGFRTotalT00 (0.0)2 (100.0)20 (0.0)3 (100.0)3T14 (57.1)7 (100.0)74 (44.4)9 (100.0)9T21 (33.3)3 (100.0)30 (0.0)3 (100.0)3[^4][^5]Fig. 5A. The frequency of activating EGFR mutation (aEGFR) and EGFR T790M resistance mutations at the following times. P0, Plasma samples taken before the start of study treatment; P1, Plasma samples taken 6 weeks after the start of study treatment; P2, Plasma samples taken at the time of disease progression. BE, bevacizumab and erlotinib combination therapy arm; E, erlotinib monotherapy arm. B. Kaplan--Meier curves for PFS of all patients classified by the presence or absence of plasma T790M mutations at P2. HR, hazard ratio.Fig. 5

4. Discussion {#sec0007}
=============

In this study, we found that plasma EGFR activating mutations were present at a frequency of 68.4% in NSCLC patients before study treatment. Cases with intrathoracic or brain metastases had lower frequencies of detectable plasma EGFR activating mutations compared to the cases with other metastases. The patients with longer PFS did not have detectable plasma EGFR mutations at the pretreatment stage. Cases with in which EGFR activating mutations were cleared by 6 weeks of treatment also had a good prognosis, especially in the BE treatment arm. On the other hand, patients with sustained detectable plasma EGFR activating mutations had a poor prognosis. There was no difference between BE and E cohorts with regard to the frequency of plasma T790M mutations upon progression of disease.

The baseline plasma EGFR (P0) prevalence was 68%. In the FLAURA study, plasma EGFR positivity was 359 (74.3%) out of 483 cases using the Cobas plasma test ^15^. In the BELIEF study, plasma EGFR positivity was 55 in 91 cases (60.4%) using the PNA-Q-PCR method [@bib0016]. In this study, improved PNA-LNA clamp PCR method could be detected activated EGFR mutation equally. The reason why the plasma EGFR frequency in this article is slightly lower than that in the FLAURA, is supposed to the difference of the proportion of stage IV at which plasma EGFR tends to be detectable. In the FLAURA trial, Stage IV cases were 95%, compared to 74% in the NEJ026 trial.

Undetectable cases of plasma EGFR activating mutations before treatment were related to metastatic sites. For example, plasma EGFR activating mutations were not detected before treatment in patients with the M classifications M1a when compared with M1b/c. The same was true for patients with metastatic sites restricted to the lungs, pleura and brain compared with other organs, and for patients with ECOG PS 0 versus PS 1. These results are compatible with several previous reports \[[@bib0011],[@bib0012],[@bib0017],[@bib0018]\]. Interestingly, Aldea et al. also reported ctDNA from isolated CNS metastases group was lower mutation positivity than other metastasis, and negative ctDNA at the time of isolated CNS metastases shifted to positive when the patient had a systemic progression [@bib0019]. In our study, we speculate that the absence of detectable plasma EGFR mutations is indicative of relatively low distal metastatic activities and low systemic tumor burden. It also appears that patients with undetectable plasma EGFR mutations before treatment is initiated can expect an improved prognosis following either BE or E treatment. Our results are consistent with those of previous reports \[[@bib0015],[@bib0017],[@bib0020],[@bib0021]\].

By adding plasma EGFR data 6 weeks after the start of the study treatment to the pre-treatment data, we could classify the detectable or undetectable group at P0 as type A (undetectable for 6 weeks), type B (mutations detectable before treatment disappeared within 6 weeks) and type C (mutations were still detectable at 6 weeks). Type A and B patients had a superior response compared to type C patients in both the BE and E arms, consistent with previous reports \[[@bib0008],[@bib0017],[@bib0020], [@bib0021], [@bib0022]\]. In the present study, BE induced a better response in type B patients than in those of the A group, whereas there was no difference between the BE group and E group in type A and C. Although various resistance mechanisms of erlotinib have been reported, it is suggested that addition of bevacizumab could not overcome the initial resistance mechanism corresponding to Type C. However, it should be noted that efficacies of BE treatment might be underestimated in Type A and C, which have smaller numbers of cases compared to Type B. From our study results, we propose a treatment model that can be based on the ctDNA assay at baseline and 6 weeks post-treatment. Specifically, if EGFR TKI-naïve patients have detectable plasma EGFR mutation at the pretreatment stage, we recommend more erlotinib plus bevacizumab treatment than erlotinib treatment due to more solid efficacy of erlotinib plus bevacizumab treatment for patients with plasma mutation positive compared to with mutation negative. The subsequent efficacy of this combination should be estimated by presence or absence of plasma EGFR mutation at 6 weeks post-treatment.

Compared to E treatment, BE treatment induced a similar frequency of acquired T790M mutations that were detectable in the plasma. We therefore infer that, following a BE regimen, a similar number of patients will therefore receive osimertinib, which is currently the best second-line treatment for T790M mutant tumors. Similarly, in the Phase 3 RELAY trial (which compared of erlotinib plus ramucirumab, VEGFR2 inhibitor, and erlotinib plus placebo), Ramucirumab + Erlotinib combination therapy and Erlotinib monotherapy showed similar frequency of T790M detection in plasma [@bib0023]. In the RELAY study, T790M was observed in 43% of the Ramucirumab + Erlotinib group and 47% of the Erlotinib group in cases with activating EGFR-positive at progression. In current study, Detection rates of T790M / activating mutation were 24.2% in BE arm and 26.1% in E arm. The frequencies of T790M detection in both treatments in RELAY study were higher than in this study. This may be derived from difference in sensitivity of the test methods between next generation sequence in RELAY and PNA-LNA PCR clamp in current study. Anyway, the main point is that treatment of erlotinib plus antiangiogenic agent induces T790M resistance as frequently as 1st-generation EGFR-TKI.

A limitation of this study was the small number of tissue samples collected. This was especially an issue with samples needed at the time of disease progression in order to confirm ctDNA mutation. Furthermore, at the time of writing, OS data were not available to us for analysis.

The improved PNA-LNA PCR clamp is an allele-specific PCR method that is limited to the evaluation of known EGFR mutations and could not be able to quantitative analysis. If some quantitative analysis was available, it may help to understand the relation plasma EGFR status and efficacy of EB or E treatment. Actually, the newer technologies of digital droplet PCR and next generation sequencing can be used to evaluate alterations in many genes simultaneously However, the advantages of PNA-LNA PCR clamp method include lower practical costs and shorter turn-around time over next-generation sequencing.

Conclusion {#sec0008}
==========

Cases with restricted intrathoracic or brain metastases tend to have a lower frequency of detectable plasma EGFR activating mutations when compared to cases with other metastases. Patients with undetectable plasma EGFR activating mutations at the pretreatment stage had a longer PFS following first-line treatment. Clearance of EGFR activating mutations after 6 weeks' treatment was also related to good prognosis, especially in the BE cohort. The frequency of plasma T790M mutations at the time of disease progression were similar in the BE and E cohorts. Analysis of ctDNA obtained at the pretreatment stage and at 6 weeks after treatment provided a robust early predictor of response model and is therefore a candidate approach for prediction of prognosis.

Data sharing {#sec0009}
============

The data collected for this study can be made available to others in de-identified form after all primary and secondary endpoints have been published and in the presence of a data transfer agreement.
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[^1]: Plasma samples, P0: Before the start of study treatment, P1: 6 weeks from the start of study treatment, P2: At the time of definite disease progression during initial treatment, P3: 6 weeks from the start of second-line treatment, and P4: At the time of definite disease progression during second-line treatment. Tissue samples were not mandatory, T0: Before the start of study treatment, T1: At the time of definite disease progression during initial treatment and T2: At the time of definite disease progression during second-line treatment.

[^2]: +:Detectable, -:Undetectable.

[^3]: +:Detectable, -:Undetectable.

[^4]: percentage of the total collected samples with each mutation.

[^5]: EGFR activating mutations (L858R or exon 19 deletion).
